Summary: BioCichlid is a 3D visualization system of time-course microarray data on molecular networks, aiming at interpretation of gene expression data by transcriptional relationships based on the central dogma with physical and genetic interactions. BioCichlid visualizes both physical (protein) and genetic (regulatory) network layers, and provides animation of time-course gene expression data on the genetic network layer. Transcriptional regulations are represented to bridge the physical network (transcription factors) and genetic network (regulated genes) layers, thus integrating promoter analysis into the pathway mapping. BioCichlid enhances the interpretation of microarray data and allows for revealing the underlying mechanisms causing differential gene expressions. Availability: BioCichlid is freely available and can be accessed at http://newton.tmd.ac.jp/. Source codes for both biocichlid server and client are also available.
INTRODUCTION
The microarray technique has succeeded in comprehensively identifying differentially expressed genes that are expected to result in characteristic cell behaviors and phenotypes. However, the main difficulty in analysis does not lie in the identification of differentially expressed genes but lies in their interpretation. Aiming at a method that could reveal the underlying mechanisms causing these differential gene expressions, pathway mapping analyses have been proposed (Dahlquist et al., 2002; Vlasblom et al., 2006; Weniger et al., 2007) . These are attempts to map microarray data onto molecular networks such as signaling networks, which enables the user to identify the signaling pathways relevant to gene expression changes. However, these existing methods tend to confuse transcriptional regulations with signaling and physical interactions, by representing them on the same plane. To clarify the transcriptional mechanisms behind gene expression dynamics, we need a novel visualization system to clearly distinguish transcriptional regulations from signaling interactions. Here, we developed a 3D visualization system of time-course microarray data on molecular networks, which we call 'BioCichlid'. BioCichlid visualizes both physical (protein) and genetic (regulatory) network layers, and provides animation of time-course gene expression data on the genetic network layer. It also visualizes transcriptional regulations bridging the physical network (which contains transcription factors) and genetic network (which consists of regulated genes) layers, thus integrating promoter analysis into the pathway mapping analysis. Our novel visualization system allows biologists to interpret microarray data and to reveal the underlying mechanisms causing differential gene expressions.
SYSTEM OVERVIEW
BioCichlid is a web-based client-server system implemented using Cichlid (http://moat.nlanr.net/Software/Cichlid/), Perl (http://www. perl.org), graphviz (http://www.graphviz.org), Apache (http://www. apache.org) and Ruby on Rails (http://www.rubyonrails.org/). To interpret gene expression data according to the central dogma, the BioCichlid server provides OpenGL data which is visualized as gene expression data on 3D hierarchical network consisting of (i) a physical network layer (e.g. protein interaction networks, etc.), (ii) a genetic network layer and (iii) transcriptional regulations (physical-genetic interactions), which bridge the physical and genetic network layers and incorporate promoter analysis. Users access the BioCichlid server by using the Cichlid client software, and visualize OpenGL data generated and transmitted by the BioCichlid server.
STREAMELINED ANALYSIS STEP

Loading data
A dataset to be analyzed should be uploaded in separate files as follows: (i) a physical interaction dataset (you can also give a genetic interaction dataset where available) in a non-directed binary relation text file separated by commas, (ii) a gene expression dataset in a comma-separated value file and (iii) a transcriptional regulation (physical-genetic interaction) dataset in our original text file format (see details in the online help).
Coordinating
When users upload physical and genetic interaction datasets, first, the server integrates them into a graphviz DOT file, and runs a neato program (graphviz) on a DOT file to generate a 2D-coordinated R.R.Ishiwata et al. layout of an integrated network based on a physical spring model. Second, the server disintegrates it into physical and genetic layer networks by duplicating nodes; one copy is put on the genetic layer (x,y,z), the other on the protein layer (x,y,z ). Genetic, physical and transcriptional interactions are appended between the corresponding nodes, respectively. Third, a scale adjustment is applied to both the physical and genetic layers.
Animating of gene expressions
When a gene expression dataset is uploaded, the dataset is converted and appended to coordinate data with user-specified attributes (durations, etc.) for animation. Gene expression values are linearly interpolated between sample (time) points.
Starting BioCichlid server
After completing the conversion to BioCichlid data, the user clicks the 'Start BioCichlid' button to start the BioCichlid server. The listening port of the BioCichlid server will be printed. The user can display the 3D hierarchical network using the Cichlid client by connecting to the listening port of BioCichlid server, or generate non-animated VRML formatted file. When 'export VRML' is selected, VRML and related files are compressed into a zip file.
A VRML format file can be browsed by a web browser plug-in program.
EXAMPLE
To demonstrate the BioCichlid functionality, we show an RNAPIIrelated network of yeast and randomly generated gene expression data, which is provided as default dataset at the BioCichlid web site (Fig. 1) .
